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the RAN. An adjustment report identifying the local
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1

DYNAMIC COLLABORATION AMONG
COGNITIVE AGENTS MANAGING RADIO
ACCESS NETWORKS

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a 35 U.S.C. § 371 national stage
application of PCT International Application No. PCT/
EP2019/067483 filed on Jun. 28, 2019, the disclosure and
content of which 1s incorporated by reference herein 1n 1ts
entirety.

TECHNICAL FIELD

The present disclosure relates to radio communication
systems and more particularly to dynamic management of
radio access networks.

BACKGROUND

In mobile networks, a cluster of base stations (BTS) are
interconnected by hardware infrastructure to provide wire-
less communication access for user equipment (UE). In the
physical layer (PHY), the BTS should provide adequate
signal to noise and interference ratio (SINR) to maintain
coverage 1n all directions across a service cell using adopted
carrier frequency bands. In a dynamic radio environment,
overshoot coverage and coverage holes (sometimes also
known as gray spots, but hereafter referred to as blind spots)
happen due to changes in geographical obstructions (for
example, setting up a new building, a tunnel or bridge),
interference from new BTS deployment, etc. These changes
can harm the quality of service (QoS) provided to UE users
at blind spots or cell edges. In network management, this 1s
treated as a coverage and capacity optimization (CCO)

problem and applies to most intra-Radio Access Technology
(RAT) and inter-RAT use cases.

In the context of LTE, an Evolved Node B (eNB) 1s
responsible for servicing all UEs within its geographical
coverage. Power allocation and control should be performed
in an optimized manner to minimize blind spots areas.
Specifically, power control regulates how much power the
eNB transmits at during communications. Power allocation
regulates how an eNB transmitter spreads the power over the
adopted frequency spectrum. Both approaches can operate
to decrease interference from neighboring cells. Radio link
tailure (RLF) reported by a UE or detected by an eNB may
be 1dentified as a blind spot. An eNB responsive action to
RLF may be link adaptation and/or Transmission Time
Interval (T'T1) bundling to attempt to maintain connectivity
but with undesirable reduction in spectral ethiciency and
waste of network resources. UE handover between eNBs 1s
another responsive action used to improve signal strength.
Handover can be performed when a UE 1s moving across the
coverage areas of several cells, and the best eNB 1s dynami-
cally selected to serve the UE along 1ts travel route. For
handover, eNBs communicate through an X2 interface on an
adapted frequency.

In current solutions, each eNB performs coverage and
capacity optimization based on its own interests and without
sharing information beyond frequency usage with neighbor-
ing eNBs. For example, when an eNB 1s capable of per-
forming actions such as dynamic power control, power
allocation, or handover, the eNB makes decisions based on
its own 1nterest of optimizing the coverage in its own cell,

without using any informational knowledge of 1ts neigh-
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2

bouring eNBs. Currently eNBs only share frequency infor-
mation between each other (for avoiding interference) using

the protocol from X2 interface. They don’t share any other
information.

Once a UE 1s 1n a blind spot, the serving eNB may not be
aware ol which of its directional antennas 1t should boost
transmission power to maintain communications with the
UE. Furthermore, increasing power 1n specific directions for
selected frequency bands could interfere with services of a
neighboring cell. For an edge user, located along an cell edge
with poor coverage, there 1s no current mechanism in 3GPP
released standards to allow adequate management consid-
cration of the trade-ofls between increasing the serving
antenna gain, performing handover, boosting a neighboring
BTS or deploying a new BTS 1n the affected area. Sub-
optimal management decisions can result 1n waste of net-
work hardware and radio resources, reduced QoS, and
increased operational and maintenance costs.

SUMMARY

Various embodiments disclosed herein are directed to
providing improved communication services by radio access
networks (RANSs), such as eNBs and gNBs, communicating
with mobile terminals, such as UEs, through exchange of
certain mnformation between cognitive managers (CMs) for
use in controlling operation of the RANS.

One embodiment 1s directed to a method by a CM for
controlling a RAN among a plurality of RANs of a radio
communications system. The method includes obtaining a
set of local needs from the RAN, where each of the local
needs 1dentifies a radio communication performance crite-
rion that 1s to be satisfied for the RAN. The method obtains
from at least one neighbor CM a set of the neighbor needs
for the at least one neighbor RAN. An event message 1s
received from the RAN which contains a radio communi-
cation performance metric that does not presently satisty at
least one of the set of local needs from the RAN. The method
obtains from the at least one neighbor CM a set of present
neighbor improvement action drives that are being per-
formed or will be performed to satisiy the set of the neighbor
needs for the at least one neighbor RAN. The method
combines the set of local needs from the RAN, the set of the
neighbor needs obtained for the at least one neighbor CM,
the set of present neighbor improvement action drives from
the at least one neighbor CM, and the radio communication
performance metric received 1n the event message from the
RAN. The method then determines, based on the combining,
a local improvement action drive that 1s to be performed by
the RAN to satisiy the at least one of the set of local needs
from the RAN, and provides an adjustment report to the
RAN. The adjustment report identifies the local improve-
ment action drive that 1s to be performed.

Another related embodiment 1s directed to a network node
for controlling a RAN among a plurality of RANs of a radio
communications system. The network node includes a CM
that operates to control the RAN. The operations include
obtaining a set of local needs from the RAN, where each of
the local needs i1dentifies a radio communication perfor-
mance criterion that 1s to be satisfied for the RAN. The
operations obtain from at least one neighbor CM a set of the
neighbor needs for the at least one neighbor RAN. An event
message 1s received from the RAN that contains a radio
communication performance metric that does not presently
satisly at least one of the set of local needs from the RAN.
A set of present neighbor improvement action drives that are
being performed or will be performed to satisty the set of the
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neighbor needs for the at least one neighbor RAN, are
obtained from the at least one neighbor CM. The operations
combine the set of local needs from the RAN, the set of the
neighbor needs obtained for the at least one neighbor CM,,
the set of present neighbor improvement action drives from
the at least one neighbor CM, and the radio communication
performance metric recerved in the event message from the
RAN. Based on the combining, a local improvement action
drive 1s determined that 1s to be performed by the RAN to
satisty the at least one of the set of local needs from the
RAN. An adjustment report 1s provided to the RAN, where
the adjustment reporting i1dentifies the local improvement
action drive that 1s to be performed.

Another related embodiment 1s directed to a CM com-
puter program product for controlling a RAN among a
plurality of RANs of a radio communications system.

Some potential advantages of these embodiments 1include
that the CMs can exchange information that enables their
management of the RANs to be performed with more
optimally consideration of the trade-offs between, for
example, increasing the serving antenna gain, performing
handover, boosting a neighboring RAN or deploying a new
RAN 1n the affected area. Such more-optimized manage-
ment decisions can avoid waste ol network hardware and
radio resources, increase (QoS, and/or decrease operational
and maintenance costs.

Other methods, network nodes, and computer program
products for controlling RANs according to embodiments of
the inventive subject matter will be or become apparent to
one with skill in the art upon review of the following
drawings and detailed description. It 1s intended that all such
additional methods, network nodes, and computer program
products be included within this description, be within the
scope ol the present inventive subject matter, and be pro-
tected by the accompanying claims. Moreover, 1t 1s intended
that all embodiments disclosed herein can be implemented
separately or combined 1n any way and/or combination

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are illustrated by way of
example and are not limited by the accompanying drawings.
In the drawings:

FI1G. 1 1llustrates a radio commumnication system including
a plurality of eNBs or other RANs which may be managed
by cognitive managers operating in accordance with some
embodiments of the present disclosure;

FI1G. 2 1s a block diagram 1llustrating types of information
that 1s shared between CMs to cooperatively manage the
eNBs of FIG. 1 1n accordance with some embodiments of
the present disclosure;

FIG. 3 illustrates various types of information that are
input to and output by a CM 1n accordance with some
embodiments of the present disclosure;

FIG. 4 illustrates a combined flowchart of operations and
related data flows between a UE, eNB, and CM 1n accor-
dance with some embodiments of the present disclosure;

FIG. 5 illustrates a combined flowchart of operations and
related data flows between an eNB, a CM managing the
eNB, and a neighbor CM in accordance with some embodi-
ments of the present disclosure;

FIGS. 6 and 7 are flowcharts of operations performed by
a CM to commumnicate with neighbor CMs for purposes of
managing an eNB or other RAN 1n accordance with some
embodiments of the present disclosure;
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FIG. 8 1s a block diagram of hardware circuit components
of a RAN 1including a CM and which are configured to

operate 1n accordance with some embodiments; and

FIG. 9 15 a block diagram of hardware circuit components
of a cloud server including CMs and which are configured
to operate 1 accordance with some embodiments of the
present disclosure.

DETAILED DESCRIPTION

Inventive concepts will now be described more fully
hereinafter with reference to the accompanying drawings, in
which examples of embodiments of inventive concepts are
shown. Inventive concepts may, however, be embodied 1n
many different forms and should not be construed as limited
to the embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thorough
and complete, and will fully convey the scope of various
present inventive concepts to those skilled in the art. It
should also be noted that these embodiments are not mutu-
ally exclusive. Components from one embodiment may be
tacitly assumed to be present or used in another embodi-
ment.

FIG. 1 illustrates a radio communication system with a
plurality of eNBs 100 or other RANs which are managed by
cognitive managers (CM). FIG. 2 1s a block diagram 1llus-
trating types of information that 1s shared between CMs to
cooperatively manage the eNBs of FIG. 1 1n accordance
with some embodiments of the present disclosure. Referring
to FIGS. 1 and 2, a UE 110 1s located 1n a blind spot outside
the cellular coverage areas of the eNB1, eNB2, and eNB3
which are collectively referred to as eNBs 100. As will be
explained 1n further detail below, each of the eNBs 100 1s
controlled by a respective CM, where each CM can control
a different one of the eNBs 100. In the context of FIG. 2,
¢NB1 100 has a radio controller 210 whose operation 1s
controlled by CM1 200, another eNB2 100 has a radio
controller 210 whose operation 1s controlled by CM2 200,
and another eNB3 100 has a radio controller 210 whose
operation 1s controlled by CM3 200. The CMs 200 may
reside within the respective eNBs, e.g., cohosted on proces-
sors that perform the radio controller 210 functionality (i.e.,
communication protocol operations, etc.), and/or may reside
within a cloud server 220 that 1s communicatively connected
through a network 230 for communicating with and con-
trolling the eNBs 100, 1.e., controlling the radio controllers
210.

In accordance with at least some embodiments, the term
“cognmitive” in CMs refers to machine processes for observ-
ing characteristics of eNBs, making behavior choices for
controlling the eNBs, and receiving feedback related to the
e¢NBs, all the while performing machine learning configured
to help optimize how future behaviors are controlled based
on past and current feedback. A community of distributed
CMs that share knowledge between themselves can optimize
the eNBs’ behavior and system topology responsive to
changing environmental conditions, network topology (e.g.,
new eNB deployment), served numbers and locations of
eNBs, QoS demands of served eNBs, efc.

In multi-agent scenarios (e.g. 10T, communication net-
works, cognitive radio, robotics) establishing collaboration
among eNBs or other RANs without use of CMs disclosed
herein may not be possible because there 1sn’t a defined way
for eNBs to share and communicate their local needs. Local
needs are performance indexes that should be optimized, 1.¢.
a local need 1s an “urge” experienced by the eNB to increase
or decrease a particular key performance indicator (KPI). In
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this sense, local needs can differ from goals and constraints
because a goal 1s a target state to be achieved and constraints
are states that ought to be avoided.

In the context of the present example embodiments, each
eNB can have a set of local needs. Each of the local needs
identifies a radio communication performance criterion,
such as a KPI, that 1s to be satisfied for the RAN. For
example, a local need can correspond to a performance
criterion that 1s required to be kept within a saturated
(equilibrium) region limited by a lower bound and an upper
bound. When a local need value of an eNB decreases below
the lower bound to the under-saturated region, the CM
associated with the eNB responsively generates a local
improvement action drive (also referred to herein as “drive”
for brevity) to control operation of the eNB 1n a way that
returns the local need value back to the saturated region.
Similarly, when a local need value exceeds the upper bound
to the over-saturated region, the CM generates another local
improvement action drive to decrease this local need value.
The CM may simultaneously generate or operate a plurality
of drnives each configured to return a different type of local
need value back to a defined region.

FIG. 2 depicts a possible implementation of where each
CM 200 1s assigned to control a different one of the eNBs
100. The eNBs 100 and their assigned CMs 200 talk to each
other (CM-eNB communication) with the CMs 200 each
receiving information from its assigned eNB 100 and to
responsively configure and control operations of the
assigned eNB 100. The CMs 200 also can communicate with
cach other to exchange information regarding their assigned
e¢NBs 100 in order to select or otherwise generate the most
optimal local improvement action drive to satiate a local
need of an eNB 100 while taking into consideration the local
needs of 1ts neighbor eNBs 100.

The information that 1s shared between the CMs 200 and
the responsive operations performed by the CMs 200 can be
adapted to have one or more operational technical effects of
decreasing or eliminating blind spot areas, reducing exces-
sive eNB link adaptation and retransmission waste, reducing
eNB and UE energy consumption, and/or better optimizing
decisions on future eNB (radio base station (RBS)) deploy-
ments (e.g. providing insight for better locations and con-
figurations for future sites). The CMs 200 may provide the
one or more operational technical effects without requiring
special hardware or changes 1 existing LTE equipment.
Operators deploying one or more embodiments herein can
benefit 1n terms of power reduction and improved area
coverage, and accordingly users can obtain higher satisfac-
tion because of the improved coverage area.

As explained above, these embodiments can also be
beneficial for 3G networks, especially for those cases where
QoS requirements are strict. Although various embodiments
are disclosed herein 1n the context of an LTE system having
CMs that manage eNBs, these embodiments are not limited
thereto and can be used with any type of radio communi-
cation system, including 535G New Radio (NR) systems.
Thus, the term “eNB” may interchangeably be replaced with
the term “gNB”. Moreover, the term RAN used herein may
be any type of radio access network node including, without
limitation, eNB, gNB, etc.

For example, i the context of the example of FIG. 1,
CM1 may obtain a set of local needs from eNB1, obtain a
set of the neighbor needs from CM2 for eNB2 and obtain a
set of the neighbor needs from CM3 for eNB3. CM1 can
receive from eNB1 a radio link failure (RLF) event message
reported by UE 1110, and obtain from CM2 and CM3 a set
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being performed or will be performed to satisty the set of the
neighbor needs for eNB2 and eNB3, respectively, CM1 can
combine this information and determine therefrom a local
improvement action drive that 1s to be performed by eNB1
to satisly one of the local needs, e.g., remedying the RLF
reported by UE 110. CM1 can therefrom provide an adjust-
ment report to eNB1, where the adjustment report identifies
the local improvement action drive that 1s to be performed.
As shown 1n FIG. 1, the local improvement action drive that
1s determined by eNB1 1s to boost its transmission power so
that UE 110 1s within the coverage area of eNB1 and no
longer residing 1n a coverage blind spot. Various types of
information that can be exchanged between an eNB (or other
RAN) and a CM, and that can be exchanged between CMs,
1s explained 1n further detail below.

Example local improvement action drives that can be
determined by the CM and used to control eNB1 can include
any one or more of the following: determining a link
adaptation parameter to be used by the RAN to communi-
cate with a mobile device to satisiy the at least one of the set
of local needs from the RAN; determining a transmission
timing interval parameter to be used by the RAN to com-
municate with the mobile device to satisiy the at least one of
the set of local needs from the RAN; determining a dynamic
power control parameter and/or a power control parameter
to be used by the RAN to communicate with the mobile
device to satisty the at least one of the set of local needs from
the RAN; and determining a handover parameter to be used
for controlling handover of the mobile device between the
RAN and one of the at least one neighbor RAN to satisiy the
at least one of the set of local needs from the RAN.

FIG. 3 illustrates various types of information that are
input to and output by a CM 200, e.g., CM_1, 1n accordance
with some embodiments of the present disclosure. Referring
to FIG. 2, example eNB_1 local need information that CM_1
can recerve from the radio controller of eNB 1 can include,
without limitation, any one or more of mformation charac-
terizing 1ts coverage area and/or power distribution in the
coverage area, QoS requirement(s) (e.g., acceptable
range(s)), reference signal received power (RSRP) and/or
reference signal received quality (RSRQ) requirement(s)
(e.g., acceptable range(s)), etc. CM_1 can also receive event
messages containing a radio communication performance
metric that does not presently satisiy at least one of the set
of local needs from eNB_1. The event messages may report
radio events such as RLF, other reports indicting on a
separable QoS or msuflicient radio performance, setup or
clearing of radio event status, efc.

CM_1 can provide to the radio controller of eNB_1 an
eNB_i1 adjustment report that identifies one or more
improvement action drives which are configured to cause
eNB_1 to adjust how 1t performs any one or more of: link
adaptation (1.e., regulate modulation used for communica-
tions); TTI bundling (e.g., for use in retransmitting the same
packet multiple times); dynamic power control and/or allo-
cation; and/or handover of a UE from eNB_1 to another eNB
or from another eNB to eNB_i. Thus, for example, CM_1
may initiate handover responsive to the combination of
information obtained from eNB_i and from CMs of neigh-
boring eNBs, where the handover decision can include
identifying a best one of the neighboring eNBs to which a
UE shall be handed over and assisting with the handover
process through communications with the neighboring eNB
and the UE.

A UE may assume that a radio link 1s failed and report
failure to an eNB, when the measured RSRP 1s below a

defined lower threshold, when the UFE {failed to decode
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physical downlink control channel (PDCCH) due to poor
signal quality (e.g., low RSRP and/or RSRQ), and/or when
the UE failed to decode physical downlink shared Channel
(PDSCH) due to poor signal quality (e.g., low RSRP and/or
RSRQ). Similarly, an eNB may determine that a radio link
with a UE has failed when a sunny reference signal power
(SINR) from the UE 1s at least a threshold level lower than
what the eNB configured for the UE, and/or when the eNB
has not detected a NACK or ACK from the UE for PDSCH.

The one or more improvement action drives can alterna-
tively or additionally be configured to control the reporting,
time interval at which eMB_1 reports event messages to
CM_1. The event messages from eNB_1 can characterize
LTE event messages which are based on RSRP or RSR(Q)
reported by UEs and/or based on measurements by eNB_1,
and which can indicate signal strength comparison between
itsell and neighboring cells. For example, an LTE event can
be triggered when the serving cell becomes worse than a
defined threshold value, or when a neighbor cell becomes
better than the serving cell by a defined ofiset value. In
contrast to existing solutions where reporting intervals are
statically defined for eNBs, CMs according to various
embodiments of the present disclosure can dynamically
control the reporting 1ntervals.

CM_1 also receives neighbor information from neighbor
CMs and can provide particular local information to the
neighbor CMs. In the example context of FIG. 3, CM_1
receives from neighbor CM_K, neighbor need mmformation
from the radio controller of eNB_k that can include, without
limitation, any one or more of information characterizing 1ts
coverage arca and/or power distribution in the coverage
area, QoS requirement(s) (e.g., acceptable range(s)), refer-
ence signal received power (RSRP) and/or reference signal
received quality (RSRQ) requirement(s) (e.g., acceptable
range(s)), etc. CM_1 can also receive from neighbor CM_Kk,
eNB_k improvement action drives that are being performed
or will be performed by eNB_k to satisty the set of the
neighbor needs of eNB_Kk.

CM_1 can also provide information to neighbor CM_Kk for
its use 1n managing eNB_Kk. The output information can
include some or all of eNB k’s local needs information that
can include, without limitation, any one or more of infor-
mation characterizing eNB_1’s coverage area and/or power
distribution 1n the coverage area, QoS requirement(s) (e.g.,
acceptable range(s)), reference signal received power
(RSRP) and/or reference signal received quality (RSRQ)
requirement(s) (e.g., acceptable range(s)), etc. CM_1 may
also output to CM_k, eNB_1 improvement action drives that
are beimng performed or will be performed by eNB_1 to
satisty the set of local needs of eNB_1.

CM_11s not limited to recerving the particular information
shown 1n FIG. 3 for use 1n controlling eNB_1. Instead, CM_1
may receive any type of information that can be sensed by
eNB_1 and/or by neighboring eNBs, and/or that can be
reported by one or more UEs to eNB_1 and/or by neighbor-
ing eNBs to managing CMs and relayed to CM_1. Similarly,
CM_1 can output to one or more neighboring CMs various
information characterizing any knowledge that 1s obtained
by CM_1.

FI1G. 4 illustrates a combined flowchart of operations and
related data flows between a UE, eNB 1, and CM_1 1n
accordance with some embodiments of the present disclo-
sure.

Referring to FIG. 4, the UE can be any type of wireless
terminal including, without limitation, Internet of things
(Io'T) devices, gaming consoles, smart phones, tablet com-
puters, laptop computers, etc. The eNB_1 may instead be a
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gNB or other more general radio access network (RAN).
The UE and eNB_i perform power on and registration
operations 400 which may correspond to a conventional
process whereby a UE attaches to an eNB_1 for service.
Responsive to registration 400, the eNB_1 and CM_1 per-
form an 1nitialization process which may include the eNB_1
iitiating local execution of the CM_1 or imitiating remote
instantiation execution of the CM 1 on a cloud server
resource. The cloud server may alternatively monitor eNB
operations and decide when to instantiate and assign a CM
to manage one ol the eNBs.

The mitialization process 402 may include CM_1 operat-
ing to select which other CMs will be treated as neighbor
CMs (e.g., CM_k) with which CM_1 will exchange infor-
mation for use in controlling their respective eNBs. For
example, a first CM may select a second CM to be included
in the set of neighbor CMs for sharing purposed based on
any one or more of the following decisions: the second CM
1s determined to be within a threshold physical distance of
the first CM; the second CM 1s determined to manage a
second eNB that 1s within a threshold physical distance of a
first eNB 1s managed by the first CM; the second CM has 1s
determined to have needs and/or improvement action drives
that satisty a defined rule based on comparison to the
corresponding local needs and/or local improvement action
drives of the first CM; and/or based on determining when a
defined rule 1s satisfied by an estimated effect that one or
more local improvement action drives by the first CM will
have on the radio communication performance of the second
¢NB that 1s managed by the second CM. thus, for example,
when 1increasing transmission power of the first eNB 1s
determined to satisiy the defined rule for estimated negative
interference to the radio performance of the second eNB, the
second CM can be included 1n the group of neighboring
CMs that the first CM exchanges information with to
perform cooperative management of their respective eNBs.

CM_1 provides 404 an event reporting interval to the
e¢NB_1 which controls how often the eNB_1 provides radio
event messages to CM_1 which characterize radio events
associated with one or more UEs that are served by eNB_1.
eNB_1 406 requests UE information, which may include a
request to report radio events, such as radio link failure
(RLF) events, that have been detected by UE. For example,
UE provides 408 LTE RLF measurement reports to eNB_1
which, 1 turn, are provided 410 to CM_1. CM_1 may
dynamically change the event reporting interval that 1s used
by eNB_1 based on, for example, a number of RLF events
reported by UEs during one or more previous time 1ntervals
and/or severity of communication degradation or losses
indicated by the reported RLFs. In the example of FIG. 4 the
CM_1 decides to modily the event reporting interval by
providing 412 a new event reporting interval to eNB_1. For
example, operation 410 may indicate RLF has occurred,
¢.g., more than a threshold number of RLF events reported
by UE, and operation 412 may correspondingly decrease
eNB_1’s event reporting interval so CM_1 receives more
frequent radio event messages to enable faster dynamic
decision-making on improvement actions drive(s) to be
performed by eNB_1.

eNB_1 and CM_1 continue to monitor 414 the reported
radio events, such as the number of RLF reported by UEs
during one or more previous time intervals and/or a severity
of communication degradation or loss indicated by the
reported RLFs. CM_1 determines based on the monitoring,
based on the local needs, and based on information received
from neighboring CM_1, a local improvement action drive
416 that 1s to be performed by eNB_1 to satisfy one or more
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local needs of eNB_i. Example local improvement action
drives 416 can include, without limitation, one or more of
the following that 1s selected by CM_1 to control eNB_1:
action drives configured to remedy a detected 418 overshoot
in eNB_1 coverage area such as by decreasing transmission
power and/or performing antenna beam steering away from
the overshoot, and/or hole 1n eNB_1 coverage area such as
by 1increasing transmission power and/or performing
antenna beam steering toward the hole; mitiating handover
420 responsive to a handover decision; and controlling 422
eNB_1 transmission power and/or frequency allocation.

Other example local improvement action drives that can
be determined by CM_1 and used to control eNB_1 can
include any one or more of the following: determining a link
adaptation parameter to be used by eNB_1 to communicate
with a mobile device to satisiy the at least one of the set of
local needs from eNB_1; determining a transmaission timing
interval parameter to be used by eNB_1 to communicate with
the mobile device to satisiy the at least one of the set of local
needs from eNB_1; determining a dynamic power control
parameter and/or a power control parameter to be used by
eNB_i to communicate with the mobile device to satisiy the
at least one of the set of local needs from eNB 1; and
determining a handover parameter to be used for controlling
handover of the mobile device between eNB 1 and one of
the neighbor eNBs (e.g., eNB_Kk) to satisiy the at least one
of the set of local needs from eNB 1.

CM_1 provides 424 an adjustment report to eNB_1, where
the adjustment report identifies the local improvement action
drive 1s to be performed. eNB_1 can perform rescheduling
426 and other operations to carry out actions associated with
performing the local action improvement drive, such as
changing transmission power levels, changing frequency
used for communication with UEs, changing modulation
used for communications, performing antenna beam steer-
ing, and/or changing scheduling of resource allocations for
communications with UEs.

The UE continues to provide 428 radio link failure
measurement reports at the currently set event reporting
interval, which are provided 430 to CM_1. CM_1 can con-
tinue to make decisions whether a change to the event
reporting interval 1s advantageous and, 11 so provide 432 the
changed event reporting interval to eNB_i1. Operation 430
may indicate that the RLF event has cleared (e.g., less than
a threshold number of UE RLF reports has been received
over the previous interval), and operation 432 CM_1 may
correspondingly increase eNB_1’s event reporting interval
so CM_1 receives less frequent radio event messages.

FI1G. 5 illustrates a combined tlowchart of operations and
related data tflows between an eNB, CM_1 managing the
eNB_i, and neighbor CM_k which manages eNB_k 1n
accordance with some embodiments of the present disclo-
sure.

Referring to FIG. 5, eNB_1 provides 500 a radio event
message to CM_1. CM_1 also receives information 502 from
CM_Kk. For example, CM_Kk provides 504 local information,
provides 3506 eNB_k’s needs, and provides 508 eNB_k
improvement action drives CM 7 combines information
received from eNB 7 and information recerved 502 from
CM_Kk to identity 510 blind spots, calculate 512 target areas,
and/or select 514 relevant CMs that are to be included 1n the
set of neighbor CMs which will recerve mformation from
CM_1 and provide information to CM_1 for use 1n coopera-
tively managing their respective eNBs. CM_1 provides 516
and adjustment report to eNB_ 1, where the adjustment report
identifies a local improvement action drive 1s to be per-
formed by eNB_1. CM_1 can provide 518 relevant informa-
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tion to CM_Kk for 1ts use 1n managing operation ol eNB_Kk.
For example, CM_1 can provide 520 eNB_1 local informa-
tion to CM_k, provide eNB_1 needs to CM_k, and/or
provide 522 eNB_1 improvement action drives to CM_K.
Further general operations and types of information that
can be exchanged between RANs (a more general form of
eNBs or gNBs) and CMs and exchanged between CMs to

provide more optimized cooperative control of a set of
RANs are described below 1n the context of FIGS. 6 and 7.
FIGS. 6 and 7 are flowcharts of operations performed by a
CM to communicate with neighbor CMs for purposes of
managing a RAN 1n accordance with some embodiments of
the present disclosure.

The operations include obtaining 600 a set of local needs
from the RAN, where each of the local needs i1dentifies a
radio communication performance criterion that 1s to be
satisfied for the RAN. The operations obtain 602 from at
least one neighbor CM a set of the neighbor needs for the at
least one neighbor RAN. An event message 1s received 604
from the RAN containing a radio communication perfor-
mance metric that does not presently satisiy at least one of
the set of local needs from the RAN. The operations obtain
606 from the at least one neighbor CM a set of present
neighbor improvement action drives that are being per-
tormed or will be performed to satisiy the set of the neighbor
needs for the at least one neighbor RAN. The operations
combine 608 (e.g., also 416 1n FIGS. 4 and 510-512 n FIG.
5) the set of local needs from the RAN, the set of the
neighbor needs obtained for the at least one neighbor CM,
the set of present neighbor improvement action drives from
the at least one neighbor CM, and the radio communication
performance metric received 1n the event message from the
RAN. The operations then determine 610, based on the
combining, a local improvement action drive that 1s to be
performed by the RAN to satisiy the at least one of the set
of local needs from the RAN. The operations provide 612 an
adjustment report to the RAN, where the adjustment report
identifies the local improvement action drive that i1s to be
performed.

The CM may provide some or all of 1ts local information
to one or more neighbor CMs. For example, the CM
operations can provide (e.g., 522 m FIG. 5) the set of local
needs of the RAN to the at least one neighbor CM {for use
in controlling the at least one neighbor RAN. Based on the
determination 610 of the local improvement action drive that
1s to be performed by the RAN, the CM operation can
provide (e.g., 524 1 FIG. 5) the local improvement action
drive to the at least one neighbor CM {for use 1n controlling
the at least one neighbor RAN.

The CM operations may maintain 700 (FIG. 7) a data
structure 1in memory that contains the set of local needs from
the RAN and the set of the neighbor needs obtained from the
at least one neighboring CM. Responsive to receipt of the
event message from the RAN, the CM operations can
request 702 (FIG. 7) the list of present neighbor improve-
ment action drives from the at least one neighbor CM, and
initiate performance 704 (FIG. 7) of the combining 608
responsive to receipt of the list of present neighbor improve-
ment action drives from the at least one neighbor CM and
based on retrieving from the memory the data structure
containing the set of local needs of the RAN and the set of
the neighbor needs of the at least one neighboring CM.

One of the local needs may identify at least one of an
acceptable range of RSRP and an acceptable range of RSR(Q
that 1s to be satisfied for the RAN. The radio communication
performance metric received 1n the event message from the

RAN may identily at least one of a RSRP value and a RSR(Q
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value that 1s outside the at least one of the acceptable range
of RSRP and the acceptable range of RSRQ that 1s to be

satisfied for the RAN.

The operation to determine 610, based on the combining,
of the local improvement action drive that 1s to be performed
by the RAN to satisiy the at least one of the set of local needs
from the RAN, may include at least one of: determining a
link adaptation parameter to be used by the RAN to com-
municate with a mobile device to satisty the at least one of
the set of local needs from the RAN; determining a trans-
mission timing interval parameter to be used by the RAN to
communicate with the mobile device to satisty the at least
one of the set of local needs from the RAN; determining a
dynamic power control parameter and/or a power control
parameter to be used by the RAN to communicate with the
mobile device to satisty the at least one of the set of local
needs from the RAN; and determining a handover parameter
to be used for controlling handover of the mobile device
between the RAN and one of the at least one neighbor RAN
to satisty the at least one of the set of local needs from the
RAN. The CM operations can then include communicating
a message to the at least one neighbor CM identifying the
determined at least one of the link adaptation parameter, the
transmission timing interval parameter, the dynamic power
control parameter and/or the power control parameter and
the handover parameter.

The CM operations can include coordinating with the at
least one neighbor CM to 1dentify at least one of blind spots
in communication service areas that are provided by the
RAN and the at least one neighbor RAN and target areas for
communication services that are provided by the RAN and
the at least one neighbor RAN.

The CM operations to determine 610, based on the
combining, of the local improvement action drive that 1s to
be performed by the RAN to satisfy the at least one of the
set of local needs from the RAN, can include: estimating an
ellect that the local improvement action drive will have on
the present neighbor improvement action drives that are
being performed or will be performed by the at least one
neighbor RAN to satisty the set of the neighbor needs; and
determining the local improvement action drive that is to be
performed by the RAN to satisiy the at least one of the set
of local needs from the RAN, responsive to the estimation
of the effect.

Alternatively or additionally, the CM operations to deter-
mine 610, based on the combiming, of the local improvement
action drive that 1s to be performed by the RAN to satisiy the
at least one of the set of local needs from the RAN, can
include estimating an effect that the local improvement
action drive will have on radio communication performance
of the at least one neighbor RAN being able to satisiy the
neighbor needs of the at least one neighbor RAN; and
determining the local improvement action drive that 1s to be
performed by the RAN to satisiy the at least one of the set
of local needs from the RAN, responsive to the estimation
of the effect.

The CM operations may further include determining
based on the combining a reporting interval at which the
RAN 1s to provide event messages to the CM, and providing
the reporting interval to the RAN. The CM operations may
communicate a message identifying the reporting interval to
the at least one neighbor CM.

As explained above, the CM operations can be performed
by at least one processor that 1s part of the RAN. Alterna-
tively or additionally, a cloud server that 1s networked to the
RANSs can performing a plurality of CMs, where the plu-
rality of CMs operate to control the plurality of RANs with
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a one-to-one control relationship between the CMs and the
RANs, and wherein the CM 1s one of the plurality of CMs.

The CM operations can further include selecting (e.g.,
514 1n FIG. 5) a relevant subset of CMs which control a
subset of neighboring RANs from among a set of CMs
which control the plurality of RANs, based on the set of
local needs from the RAN, sets of the neighbor needs
obtained from the set of CMs, and sets of present neighbor
improvement action drives from the set of CMs. The CM
operations can then include performing the combining (e.g.,
416 1n F1G. 4, 510-512 i FIG. 5, 608 1n FIG. 6) to combine
the set of local needs from the RAN, the sets of the neighbor
needs obtained for the relevant subset of CMs, the sets of
present neighbor improvement action drives from the rel-
evant subset of CMs, and the radio communication perfor-
mance metric recerved 1n the event message from the RAN.
Example RAN with CM

FIG. 8 1s a block diagram of hardware circuit components
of a RAN 100 that includes a CM and where the components
are configured to operate 1n accordance with some embodi-
ments. The RAN 100 can include a wired/wireless network
interface circuit 818, a RF transceiver 814 connected to local
and/or remote antennas 816, at least one processor circuit
810 (processor), and at least one memory circuit 812
(memory). The processor 810 1s connected to communicate
with the other components. The memory 812 stores a RAN
controller 210 that 1s executed by the processor 810 to
perform operations disclosed herein, such as RAN commu-
nication protocol operations, traflic encoding and decoding
operations, power control and frequency resource assign-
ment operations, etc. The memory 812 can also include CM
200 software that performs at least some of the operations
disclosed herein. In some embodiments, the CM 200 can be
embodied 1n a neural network 820 which may be performed
by clocked digital components, such as the processor 810,
discrete logic components, such as a digital logic gate array,
and/or may be performed by analog circuitry that 1s config-
ured for neural network processing. The processor 810 may
include one or more data processing circuits (e.g., micro-
processor and/or digital signal processor), which may be
collocated or distributed across one or more data networks.
The processor 810 1s configured to execute the program code
in the memory 812, described below as a non-transitory
computer readable medium, to perform some or all of the
operations and methods for one or more of the embodiments
disclosed herein for a RAN and CM
Example Cloud Server with CM

Some or all operations described above as being per-
formed by the RAN 100 and/or the CM 200 may alterna-
tively be performed by a node that 1s part of a cloud
computing resource. FIG. 9 1s a block diagram of hardware
circuit components of a cloud server 220 including CMs and
which are configured to operate 1n accordance with some
embodiments of the present disclosure. The cloud server 220
can 1include a wired/wireless network interface circuit 920,
at least one processor circuit 910 (processor), and at least
one memory circuit 912 (memory). The processor 910 1s
connected to communicate with the other components. The
memory 912 stores controller software 210 which instanti-
ates CMs 200, e.g., CM1 . . . CMk, which respectively
manage different RANs that are networked to the cloud
server 220, e.g., RAN1 . . . RANK, to perform operations
disclosed herein for CMs. The processor 910 may include
one or more data processing circuits (€.g., MICIoprocessor
and/or digital signal processor), which may be collocated or
distributed across one or more data networks. The processor
910 1s configured to execute computer program instructions
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in the memory 912, described below as a non-transitory
computer readable medium, to perform some or all of the
operations and methods for one or more of the embodiments
disclosed herein for a mobile electronic device.
Abbreviations:

eNB Evolved Node B

CN Cognitive Network

CR Cognitive Radio

CA Cognitive Agents

RAN Radio Access Network

CCO Coverage and Capacity Optimization

BTS Base Stations

UE User Equipment
PHY Physical Layer
SINR Signal to Noise and Interference Ratio
QoS Quality of Service
RAT Radio Access Technology
RLF Radio Link Failure
TTI Transmission Time Interval
LTE Long Term Evolution
RBS Radio Base Station
CM Cognitive Manager
Further Definition and Embodiments:

In the above-description of various embodiments of pres-
ent 1nventive concepts, it 15 to be understood that the
terminology used herein 1s for the purpose of describing
particular embodiments only and 1s not intended to be
limiting of present mmventive concepts. Unless otherwise
defined, all terms (including technical and scientific terms)
used herein have the same meaning as commonly under-
stood by one of ordinary skill 1n the art to which present
inventive concepts belongs. It will be further understood that
terms, such as those defined in commonly used dictionaries,
should be interpreted as having a meaning that 1s consistent
with their meaning in the context of this specification and the
relevant art and will not be interpreted in an 1dealized or
overly formal sense expressly so defined herein.

When an element 1s referred to as being “connected”,
“coupled”, “responsive”, or variants thereof to another ele-
ment, 1t can be directly connected, coupled, or responsive to
the other element or intervening elements may be present. In
contrast, when an element 1s referred to as being “directly
connected”, “directly coupled”, “directly responsive”, or
variants thereof to another element, there are no intervening
clements present. Like numbers refer to like elements
throughout. Furthermore, “coupled”, “connected”, “respon-
sive”, or variants thereol as used herein may include wire-
lessly coupled, connected, or responsive. As used herein, the
singular forms “a”, “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. Well-known functions or constructions may not
be described 1n detail for brevity and/or clarity. The term
“and/or” includes any and all combinations of one or more
of the associated listed items.

It will be understood that although the terms first, second,
third, etc. may be used herein to describe various elements/
operations, these elements/operations should not be limited
by these terms. These terms are only used to distinguish one
clement/operation from another element/operation. Thus, a
first element/operation 1 some embodiments could be
termed a second element/operation 1 other embodiments
without departing from the teachings of present inventive
concepts. The same reference numerals or the same refer-
ence designators denote the same or similar elements
throughout the specification.

As used herein, the terms

“comprises”, “include”,

“comprise”, “comprising’,
“including”, “includes”, “have”,
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“has™, “having”, or variants thereol are open-ended, and
include one or more stated features, integers, elements,
steps, components or functions but does not preclude the
presence or addition of one or more other features, integers,
clements, steps, components, functions or groups thereof.
Furthermore, as used herein, the common abbreviation
“e.g.”, which dernives from the Latin phrase “exempli gra-
t1a,” may be used to introduce or specily a general example
or examples of a previously mentioned item, and 1s not
intended to be limiting of such item. The common abbre-
viation “1.e.”, which derives from the Latin phrase “id est,”
may be used to specily a particular item from a more general
recitation.

Example embodiments are described herein with refer-
ence to block diagrams and/or flowchart illustrations of
computer-implemented methods, apparatus (systems and/or
devices) and/or computer program products. It 1s understood
that a block of the block diagrams and/or flowchart illus-
trations, and combinations of blocks 1n the block diagrams
and/or flowchart 1llustrations, can be implemented by com-
puter program instructions that are performed by one or
more computer circuits. These computer program instruc-
tions may be provided to a processor circuit of a general
purpose computer circuit, special purpose computer circuit,
and/or other programmable data processing circuit to pro-
duce a machine, such that the instructions, which execute via
the processor of the computer and/or other programmable
data processing apparatus, transform and control transistors,
values stored in memory locations, and other hardware
components within such circuitry to implement the func-
tions/acts specified 1n the block diagrams and/or flowchart
block or blocks, and thereby create means (functionality)
and/or structure for implementing the functions/acts speci-
fied 1n the block diagrams and/or flowchart block(s).
These computer program instructions may also be stored
in a tangible computer-readable medium that can direct a
computer or other programmable data processing apparatus
to function 1n a particular manner, such that the nstructions
stored 1n the computer-readable medium produce an article
of manufacture including instructions which implement the
functions/acts specified 1n the block diagrams and/or flow-
chart block or blocks. Accordingly, embodiments of present
inventive concepts may be embodied in hardware and/or 1n
software (including firmware, resident soiftware, micro-
code, etc.) that runs on a processor such as a digital signal
processor, which may collectively be referred to as “cir-
cuitry,” “a module” or variants thereof.

It should also be noted that 1n some alternate implemen-
tations, the functions/acts noted 1n the blocks may occur out
of the order noted in the flowcharts. For example, two blocks
shown 1n succession may in fact be executed substantially
concurrently or the blocks may sometimes be executed 1n
the reverse order, depending upon the functionality/acts
involved. Moreover, the functionality of a given block of the
flowcharts and/or block diagrams may be separated into
multiple blocks and/or the functionality of two or more
blocks of the flowcharts and/or block diagrams may be at
least partially integrated. Finally, other blocks may be
added/mserted between the blocks that are 1llustrated, and/or
blocks/operations may be omitted without departing from
the scope of inventive concepts. Moreover, although some of
the diagrams include arrows on commumication paths to
show a primary direction of communication, 1t is to be
understood that communication may occur in the opposite
direction to the depicted arrows.

Many vanations and modifications can be made to the

embodiments without substantially departing from the prin-
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ciples of the present inventive concepts. All such vanations

and modifications are intended to be included herein within

the scope of present iventive concepts. Accordingly, the
above disclosed subject matter 1s to be considered 1llustra-
tive, and not restrictive, and the appended examples of >
embodiments are intended to cover all such modifications,

enhancements, and other embodiments, which fall within t

1C

spirit and scope of present inventive concepts. Thus, to t

1C

maximum extent allowed by law, the scope of present
iventive concepts are to be determined by the broadest
permissible interpretation of the present disclosure including,
the following examples of embodiments and their equiva-
lents, and shall not be restricted or limited by the foregoing

detailed description.

The invention claimed 1s:
1. A method by a Cognitive Manager, CM, for controlling

a radio access network, RAN, among a plurality of RANs of
a radio communications system, the method comprising:

obtaining a set of local needs from the RAN, wherein each
of the local needs identifies a radio communication
performance criterion that 1s to be satisfied for the
RAN:;

obtaining from at least one neighbor CM configured to
control at least one neighbor RAN a set of the neighbor
needs for the at least one neighbor RAN;

receiving an event message from the RAN containing a
radio communication performance metric that does not
presently satisiy at least one of the set of local needs
from the RAN;

obtaining from the at least one neighbor CM a set of
present neighbor improvement action drives that are
being performed or will be performed to satisiy the set
of the neighbor needs for the at least one neighbor
RAN:;

combining the set of local needs from the RAN, the set of
the neighbor needs obtained for the at least one neigh-
bor CM, the set of present neighbor improvement
action drives from the at least one neighbor CM, and
the radio communication performance metric recerved
in the event message from the RAN, wherein the
combining 1ncludes using information recerved from
the at least one neighbor CM to identily blind spots in
communication service arcas that are provided by the
RAN and the at least one neighbor RAN and/or to
identily target areas for communication services that
are provided by the RAN and the at least one neighbor
RAN;

determining, based on the combining, a local improve-
ment action drive that 1s to be performed by the RAN
to satisiy the at least one of the set of local needs from
the RAN:; and

providing an adjustment report to the RAN, the adjust-
ment report 1dentifying the local improvement action
drive that 1s to be performed.

2. The method of claim 1, further comprising:

providing the set of local needs of the RAN to the at least

one neighbor CM for use in controlling the at least one
neighbor RAN; and

based on the determination of the local improvement
action drive that 1s to be performed by the RAN,
providing the local improvement action drive to the at
least one neighbor CM for use in controlling the at least

one neighbor RAN.
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3. The method of claim 1, further comprising;:
maintaining a data structure in memory that contains the
set of local needs from the RAN and the set of the
neighbor needs obtained from the at least one neigh-
boring CM; and
responsive to receipt of the event message from the RAN,
requesting the set of present neighbor improvement
action drives from the at least one neighbor CM,
initiate performance of the combiming responsive to
receipt of the set of present neighbor improvement
action drives from the at least one neighbor CM and
based on retrieving from the memory the data struc-
ture containing the set of local needs of the RAN and
the set of the neighbor needs of the at least one
neighboring CM.
4. The method of claim 1, wherein:
one of the local needs identifies at least one of an
acceptable range of Reference Signal Received Power,
RSRP, and an acceptable range of Reference Signal
Received Quality, RSRQ), that 1s to be satisfied for the
RAN: and
the radio communication performance metric receiving in
the event message from the RAN 1dentifies at least one
of a RSRP value and a RSRQ value that 1s outside the
at least one of the acceptable range of RSRP and the
acceptable range of RSRQ that 1s to be satisfied for the
RAN.
5. The method of claim 1, wherein the determination,

-

based on the combining, of the local improvement action
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least one of the set of local needs from the RAN, comprises
at least one of:

determining a link adaptation parameter to be used by the
RAN to communicate with a mobile device to satisty
the at least one of the set of local needs from the RAN:

determining a transmission timing interval parameter to
be used by the RAN to communicate with the mobile
device to satisiy the at least one of the set of local needs
from the RAN;

determiming a dynamic power control parameter and/or a
power control parameter to be used by the RAN to
communicate with the mobile device to satisty the at
least one of the set of local needs from the RAN; and

determinming a handover parameter to be used for control-
ling handover of the mobile device between the RAN
and one of the at least one neighbor RAN to satisiy the
at least one of the set of local needs from the RAN.

6. The method of claim 5, further comprising;:

communicating a message to the at least one neighbor CM
identifying the determined at least one of the link
adaptation parameter, the transmission timing interval
parameter, the dynamic power control parameter and/or
the power control parameter and the handover param-
eter.

7. The method of claim 1, wherein the determination,

based on the combining, of the local improvement action
drive that 1s to be performed by the RAN to satisty the at
least one of the set of local needs from the RAN, comprises:

estimating an eflect that the local improvement action
drive will have on the present neighbor improvement
action drives that are being performed or will be
performed by the at least one neighbor RAN to satisiy
the set of the neighbor needs; and

determining the local improvement action drive that 1s to
be performed by the RAN to satisty the at least one of
the set of local needs from the RAN, responsive to the
estimation of the eflect.
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combining includes using information received from
the at least one neighbor CM to identity blind spots 1n

communication service areas that are provided by the
RAN and the at least one neighbor RAN and/or to

17

8. The method of claim 1, wherein the determining, based
on the combinming, of the local improvement action drive that
1s to be performed by the RAN to satisty the at least one of

the set of local needs from the RAN, comprises:

est(iln'.lating.lzimhe“ect tha; the local i_mIiFOVemf?t action s identify target areas for communication services that
five will have on radio communication periorinance are provided by the RAN and the at least one neighbor
of the at least one neighbor RAN being able to satisty RAIET 4 gh
thznelghbor needs of the at least one neighbor RAN; determining, based on the combining, a local improve-
q anc - | , , , , ment action drive that 1s to be performed by the RAN
etermining the local improvement action drive that 1s to 10 :
, . to satisty the at least one of the set of local needs from
be performed by the RAN to satisty the at least one of the RAN: and
the set of local needs from the RAN, responsive to the 4. L .
L _ providing an adjustment report to the RAN, the adjust-
estimation of the effect. , el _ ,
9. The method of claim 1, further comprising: mf?nt repm:t identitying the local improvement action
determining based on the combining a reporting interval 15 drive that 15 to be performed. o
at which the RAN is to provide event messages to the 13. The network node of claim 12, further COMPIISILLZ.
CM: and a neural network configured to perform at least part of the
providing the reporting interval to the RAN. combining of the set of local needs from the RAN, the
10. The method of claim 1, further comprising; set of the neighbor needs obtained for the at least one
performing a plurality of CMs by a cloud server that is 20 neighbor CM, the set of present neighbor improvement
networked to the RAN, wherein the plurality of CMs action drives from the at least one neighbor CM, and
operate to control the plurality of RANs with a one- the radio communication performance metric recerved
to-one control relationship between the CMs and the in the event message from the RAN to generate at least
RANs, and wherein the CM 1s one of the plurality of one output value,
CMs. 25 wheremn the determination of the local improvement

11. The method of claim 1, further comprising:

selecting a relevant subset of CMs which control a subset
of neighboring RANs from among a set of CMs which
control the plurality of RANs, based on the set of local

action drive 1s performed based on the at least one
output value from the neural network.
14. The network node of claim 12, wherein the operations

further comprise:

needs from the RAN, sets of the neighbor needs 30  providing the set of local needs of the RAN to the at least

obtained from the set of CMs, and sets of present one neighbor CM for use in controlling the at least one

neighbor improvement action drives from the set of neighbor RAN; and

CMs; and based on the determination of the local improvement
performing the combining to combine the set of local action drive that i1s to be performed by the RAN,

needs from the RAN, the sets of the neighbor needs 35 providing the local improvement action drive to the at

obtained for the relevant subset of CMs, the sets of
present neighbor improvement action drives from the
relevant subset of CMs, and the radio communication

least one neighbor CM for use in controlling the at least

one neighbor RAN.
15. The network node of claim 12, wherein the operations

further comprise:
maintaining a data structure in memory that contains the
set of local needs from the RAN and the set of the
neighbor needs obtained from the at least one neigh-
boring CM; and
responsive to receipt of the event message from the RAN,
requesting the set of present neighbor improvement

performance metric recerved 1n the event message from
the RAN. 40
12. A network node for controlling a radio access net-
work, RAN, among a plurality of RANs of a radio commu-
nications system, the network node comprising: a Cognitive
Manager, CM, that controls the RAN by operations com-
prising: 45

-

obtaining a set of local needs from the RAN, wherein each
of the local needs identifies a radio communication

performance criterion that 1s to be satisfied for the
RAN;

action drives from the at least one neighbor CM,
initiate performance of the combiming responsive to

receipt of the set of present neighbor improvement

action drives from the at least one neighbor CM and

obtaining from at least one neighbor CM configured to 50 based on retrieving from the memory the data struc-
control at least one neighbor RAN a set of the neighbor ture containing the set of local needs of the RAN and
needs for the at least one neighbor RAN; the set of the neighbor needs of the at least one
receiving an event message from the RAN containing a neighboring CM.
radio communication performance metric that does not 16. The network node of claim 12, wherein:
presently satisfy at least one of the set of local needs 55  one of the local needs i1dentifies at least one of an
from the RAN; acceptable range of Reference Signal Received Power,
obtaining from the at least one neighbor CM a set of RSRP, and an acceptable range of Reference Signal
present neighbor improvement action drives that are Received Quality, RSRQ, that 1s to be satisfied for the
being performed or will be performed to satisiy the set RAN; and
of the neighbor needs for the at least one neighbor 60  the radio communication performance metric received in
RAN; the event message from the RAN 1dentifies at least one
combining the set of local needs from the RAN, the set of of a RSRP value and a RSRQ value that 1s outside the
the neighbor needs obtained for the at least one neigh- at least one of the acceptable range of RSRP and the
bor CM, the set of present neighbor improvement acceptable range of RSRQ that is to be satisfied for the
action drives from the at least one neighbor CM, and 65 RAN.

the radio communication performance metric recerved
in the event message from the RAN, wherein the

17. The network node of claim 12, wherein the determi-

nation, based on the combining, of the local improvement



US 12,262,227 B2

19

action drive that 1s to be performed by the RAN to satisiy the
at least one of the set of local needs from the RAN,
comprises at least one of:
determining a link adaptation parameter to be used by the
RAN to communicate with a mobile device to satisty
the at least one of the set of local needs from the RAN;
determining a transmission timing interval parameter to
be used by the RAN to communicate with the mobile

device to satisly the at least one of the set of local needs
from the RAN;

determining a dynamic power control parameter and/or a
power control parameter to be used by the RAN to
communicate with the mobile device to satisty the at
least one of the set of local needs from the RAN: and

determining a handover parameter to be used for control-
ling handover of the mobile device between the RAN
and one of the at least one neighbor RAN to satisiy the
at least one of the set of local needs from the RAN.

18. A Cogmitive Manager, CM, computer program product

for controlling a radio access network, RAN, among a
plurality of RANs of a radio communications system, the
CM computer program product comprising:

a non-transitory computer readable medium storing pro-
gram code that 1s executable by at least processor of a
network node to perform operations comprising:

obtaining a set of local needs from the RAN, wherein each
of the local needs identifies a radio communication
performance criterion that 1s to be satisfied for the
RAN;

obtaining from at least one neighbor CM configured to
control at least one neighbor RAN a set of the neighbor
needs for the at least one neighbor RAN;
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receiving an event message from the RAN containing a

radio communication performance metric that does not

presently satisiy at least one of the set of local needs
from the RAN;

obtaining from the at least one neighbor CM a set of

present neighbor improvement action drives that are
being performed or will be performed to satisiy the set
of the neighbor needs for the at least one neighbor

RAN;

combining the set of local needs from the RAN, the set of

the neighbor needs obtained for the at least one neigh-
bor CM, the set of present neighbor improvement
action drives from the at least one neighbor CM, and
the radio communication performance metric recerved
in the event message from the RAN, wherein the
combining includes using information received from
the at least one neighbor CM to identity blind spots 1n
communication service areas that are provided by the
RAN and the at least one neighbor RAN and/or to
identily target areas for communication services that

are provided by the RAN and the at least one neighbor
RAN;

determining, based on the combining, a local improve-

ment action drive that 1s to be performed by the RAN
to satisiy the at least one of the set of local needs from

the RAN: and

providing an adjustment report to the RAN, the adjust-

ment report 1dentifying the local improvement action
drive that 1s to be performed.
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